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1. 指出在 Si，Ge 这种原子序数较小的 sp 系统中，半芯电子与价电子相互
作用对自能修正影响可以忽略不计。目前，GW 修正计算主要是基于全电子的 LMTO
修正（LMTO+GW）和基于平面波赝势法（PP）的修正（PP+GW）。大量研究显示：



















2. 重新计算 Ba-VIb 化合物，指出 BaO 为直接带隙半导体，最小带隙在 X
点；BaS、BaSe 和 BaTe 为间接带隙半导体。在准粒子计算中发现 Ba 的 4d 电子
地加入，带隙显著增大。G.Q.Lin 等人最近经过研究认为：BaO，BaS，BaSe 和
BaTe 是直接带隙材料，带隙最小值在 Γ点。经研究发现这一结论是错的，G.Q.Lin
等人计算时采用超原胞，导致布里渊区折叠，使 NaCl 结构中的 X 点折叠到简立
方结构中的 Γ 点上，从而产生错误的结论。在计算中发现，将 Ba 的 4d 电子作
为价电子考虑，其化合物能级明显变化，且准粒子带隙值与实验值能很好吻合。


































The electronic band structure gives important information about the electrical 
and optical properties of a solid. So, calculations of ground-state and excited-state 
properties of materials have been one of the major goals of condensed matter physics. 
Ground-state properties of solids have been extensively investigated for several 
decades within the standard density functional theory. Excited-state properties, on the 
other hand, were relatively unexplored in ab initio calculations until a decade ago. 
The most suitable approach up to now for studying excited state properties of 
extended systems is the Green function method. To calculate the Green function one 
requires the self-energy operator which is non-local and energy dependent. Like in 
Hartree-Fock theory, the excitation energies can be determined by solving a 
single-particle Schrödinger-like equation. Exchange and correlation effects are 
rigorously contained in the so-called self-energy operator, which has a clear 
interpretation in the picture of quasiparticles that closely mirrors the experimental 
situation. In this article the Green function theory, numerical methods for carrying out 
the self-energy calculations, simplified schemes, and applications to various systems 
are described. We describe the GW approximation which has turned out to be a 
fruitful approximation to the self-energy. 
The thesis is divided into six chapters. In the first chapter, we review the history 
of ab initio calculations and GW approximation, and point out the merit of GW 
approximation. In chapter two, we elaborate the theories of GW approximation. The 
Hedin equations have been educed from the theory of Green function. Then simplified 
the equations and adopted the appropriate models, we got the GW approximation. In 
chapter three, we introduce two codes—Abinit and Paratec, which were used to 
calculation in our work. In chapter four, we have studied the effect of Si’s and Ge’s 
core electrons in quasiparticle bands. The results show that the effect of semicore 
electrons can be ignored. Because all electron calculations didn’t deal with the 














compounds of Ba-VIb. We found that the 4d electrons of Ba strongly impact the 
electric characters of the compounds. So, 4d electrons of Ba are not as core electrons 
in pesupotential. In chapter six, we design the direct gap Si-based material-- 
Si0.875Sn0.125/Si by the rules which were advanced by Prof. Meichun Huang. The 
minimum gap of the material at Gamma point, and quasiparticle gap is 0.96eV.  
The main progresses of this work are lists as follows: 
1. We point out that the effect of action between semicore electrons and valence 
electrons can be neglected in self-energy correct. Now, GW approximation is based on 
all electron calculation (LMTO+GW) and plane wave pseudopotential method 
(PP+GW). Some calculation results show that there is obvious difference between 
LMTO+GW and experimentation, but results of PP+GW agree well with experiments. 
To explain this inconsistency, it was proposed that the pseudopotential approach does 
not correctly describe the effect of core orbits in the self energy corrections to the 
energy gaps, resulting in overestimated corrections. And it is fortunate to get the good 
results for PP+GW. We renew to construct the pseudopotentails of Si and Ge, which 
valence electrons include the semicore electrons. And we perform the convergent tests. 
The results show that the valence only pseudopotential method does not suffer from 
large error from the neglect of core states. And the lack of the conductor bands induce 
the bad results of LMTO+GW. 
2. After calculations, we get the results that BaO is direct gap semiconductor, 
which minimum gap at X, but BaS, BaSe and BaTe are indirect gap semiconductors. 
The 4d electrons of Ba strongly influence the electric properties of barium compounds. 
G.Q.Lin and coworkers took for that compounds of Ba-VIb were direct gap 
semiconductors. We found that they adopted super cell in calculations, which bring on 
folding Brillouin zone(BZ). X point in rocksalt structure fold to Γ point in cubic 
structure. This leads the error results. We found that the energy levels had obviously 
changed when 4d electrons of Ba were as valence electrons, and gaps of quasiparticle 
agreed well with the experimentations. It shows that the effect of 4d electrons of Ba 
could not be neglected in barium compounds.  














is 0.96eV. It has important significance for the materials of Si based direct gap. But 
there is no theory to judge the gap character of semiconductors. After studying a lot of 
materials, Prof. Meichun Huang advance three rules: core states effect, 
electronegativity difference effect, symmetry effect. Following the rules, we design a 
superlattice Si0.875Sn0.125/Si. The results of PP+GW calculation show that the 



















第一章    引   论 
















































),(),( RrERrH ΨΨ H=                                           （1.1） 
其中 r表示所有电子坐标 的集合；用 表示所有原子核坐标 的集合。
如果不考虑其他外场的作用，哈密顿量应包括组成固体的所有离子（原子核和电子）
的动能和这些粒子之间的相互作用能，形式上写成 
}{ ir R }{ jR


















                    （1.3） 
其中第一项为电子的动能；第二项为电子与电子间库仑相互作用能，求和遍及除



















           （1.4） 
这里第一项为核的动能，第二项为核与核的相互作用能，求和遍及除 外的所有
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